Introduction
The photochemical decomposition reaction (1) occurs to generate sulfinium cation radical [1] when sulfonium salts in chemically R1 R1
R2._\® X~ by se. X® + R3' (1) R/ R2~
amplified resist films are irradiated by excimer laser light, e-beam, etc. In Novolac films, the successive reaction occurs between sulfinium cation radical and OH group to produce a proton. It was confirmed in our previous study that the proton in the reaction (2) (2) Novolac, because th of the ical and reaction between su C H 3-or -CH2-is that of and OH between the sulfinium cat o ad and OH group [2, 3] . In PMMA films, there exists no OH group in polymer matrix and the proton must be provided from CH3-or -CH2-. For this reason, the sensitivity of the chemically amplified resist of PMMA must be remarkably lower because of the higher activation energy required for this proton generation [4] . Nakano, et al. prepared PMMA films containing 2-oxocyclohexyl-cyclohexylmethyl sulfonium triflate [OCMS] as PAG and irradiated these films with ArF excimer laser in N2 gas phase. In this case, more than 60 mol% of sulfoxide was obtained [5] as the photochemical reaction product in PMMA films. This experiment strongly suggests that a ternary complex comprised of a water molecule, the sulfonium cation, and the counter anion is formed in PMMA resist films [6] .
The reaction between sulfinium cation radical and H2O molecule in PMMA films resembles the reaction (2) require a large amount of activation energy. Since the reaction system of (3) contains two kinds of free radicals in the spin doublet state, the total system is the spin singlet. Schrodinger equation was solved using CASSCF method to clarify the mechanism of reaction(3), because the spin singlet electronic state of this complicated reaction system could not be expressed at the HF level.
Method
Since CASSCF method is a kind of full CI calculations, this method is effective for the calculation of the system of the reaction(3) in the spin singlet electronic state which includes two kinds of free radicals in the spin doublet state. In order to execute efficient CASSCF calculations, the number of orbitals in computation must be minimized. For this reason, R1 , R2, and R3 in the reaction(3) were replaced by H atoms in the model reaction system constructed for the calculation. Since our previous work [6] suggested that the protonated sulfoxide existed as a stable structure in resist films, the counter anion was excluded from the model reaction system. Firstly, the transition state (TS) structure of the reaction system was determined, which has an unique normal mode of the vibration with an imaginary frequency. Next, the steepest descent paths from the TS structure were calculated in both directions along this unique normal mode of vibration. The structures at the energy-minimum points on both sides of the steepest path were obtained to evaluate the theoretically determined reaction mechanisms by compairing with experiments. The basis set of the functional used was 3-21G**. The program package was Gaussian 98. The transition state (TS) structure is determined using a model reaction system (Fig.  1) . The unique normal mode of vibration with an imaginary frequency is 2274.3i cm-1 in this TS structure. In the TS structure, the distance between the oxygen atom (0) Bond length in a total atomic Fig. 2 Stable structure of the initial reactant obtained by the IRC calculation. This structure reproduces the configulation of the quaternary complex comprising of R 1 R2S+', H2O, R3', and the counter anion, which was reported previously [6] . the H atom which represents the R3' radical in the real reaction system. These two H atoms are producing a covalent bond. The arrows in Fig. 1 show the directions of the unique imaginary normal mode of the vibration. The intrinsic reaction coordinate (IRC) calculation is performed for the reverse direction following the imaginary vibration mode and obtained the stable structure (Fig. 2) . This stable structure reproduces the initial structure of the reaction system we reported previously [6] . The counter anion (CF3 S 03-) is removed from the present model reaction system and the R 1 and R2 groups are replaced by H atoms in Fig. 2 . The activation energy required for this proton generation reaction is 23.24 kcal/mol.
Formation of Sulfoxide
The stable structure obtained by the IRC calculation for the forward direction following the unique normal mode of the imaginary vibration is shown in Fig. 3 . In this stable structure, the distance between the oxygen atom (0) of H2O and the sulfur atom (S) of sulfinium cation radical is 1.62A. This value shows that the covalent bond formation between 0 and S has been completed. The Hw atom of the H2O molecule produced a covalent bond with the H atom representing the R3' radical of the real reaction system. The other H atom of the H2O molecule keeps the bond with the oxygen atom. For this reason, we concluded that a protonated sulfoxide structure is formed. This protonated sulfoxide repropuces the final product in the reaction system comprising of R1R2S+', H20, R3' and the counter anion, which we reported previously [6] . The counter anion is removed from the present model system and the Ri (i=1,2,3) groups are replaced by H atoms in Fig.  3 . The final product of this protonated sulfoxide is more stable than the initial structure of the model reaction system (Fig. 2) by 3 1 .49kcal/mol  (Fig. 4). 
Discussion 4.1. Comparison with Crivello Mechanism
Previously, we studied the photochemical proton generation reaction mechanism from trimethyl sulfonium triflate in PMMA based on the Crivello mechanism [4] . The Crivello mechanism postulates that the proton generation reaction occurs between the sulfinium cation radical arisen frc_m the photochemical decomposition of sulfonium cation and CH3 or -CH2-of PMMA . This reaction requires a large amount of activation energy (35.56kcal/mol) and gives a proton in the final product, but no sulfoxide.
This result reproduces no experoment [5] .
For this reason, we concluded that the Crivello mechanism does not occur in PMMA. According to our new mechanism for the photochemical proton generation in PMMA, the sulfoxide is formed as the final structure in accordance with the experiment [5] . Futhermore, the activation energy is about IOkcal/mol lower than that following the Crivello mechanism, and the final structure is more stable than the initial structure. One should note that the final products obtained following the Crivello mechanism in PMMA is unstable than the initial reaction svstem [41. 
Role of OH Group
In our previous study, we concluded that the proton came from OH group [2, 3] in the photochemical proton generation in Novolac films. In PMMA films, there are no OH group in polymer matrix and the proton must be provided from CH3-or -CH2-in the main chain. If this is true, the sensitivity of chemically amprified resist films comprised of onium salts and PMMA should be low because the large amount of activation energy is required for this mechanism.
In PMMA films, it is confirmed that there exsits the stable structure of the ternary complex comprised of a water molecule, sulfonium cation, and counter anion. When the sulfonium cation is irradiated by excimer laser light, e-beam, etc., the protonated sulfoxide is produced via the quaterary complex comprised of R1R2S+' of the sulfinium cation radical, the R3' radical, a water molecule, and the counter anion (X-). And finally, the protonated sulfoxide releases a proton to the counter anion, because the activation energy of this protn transfer is very low between the protonated sulfoxide and the protonated counter anion [6] . This result shows the important role of the OH group in the photochemical proton generation occuring in highly-sensitive resist films. That is, the OH group is a good supplier of the proton in the highly sensitive chemically amplified resist films.
Importance of Ternary Complex formed by
Onium Cation, Counter Anion, and OH Group in Highly Sensitive Chemically Amplified Resist Films From our studies, we can propose the following mechanism for the chemically amplified function of the polymer resist system. In the case of polymer matrix including OH group like Novolac films, a strong intermolecular interaction arises spontaneously among the sulfonium cation, its counter anion, and OH group to produce a ternary complex. On the other hand, in the case of the polymer matrix including no OH group like PMMA films, a ternary complex comprised of the sulfonioum cation, the counter anion, and a water molecule is formed spontaneously. For this reason, we concluded that it is important for highly sensitive chemically amplified resist to self-organize a ternary complex comprised of onium cation, its counter anion, and an OH group or a water molecule by the hydrogen bond and/or the van der Waals force network. This ternary complex operates as a proton generation molecular device when the complex absorbs a photon.
Conclusion
The following findings have been obtained from this study.
(1). In highly sensitive chemically amplified resist films, a higher-order structure like a ternary complex comprising of an onium cation, its counter anion, and an OH group or a water molecule is self-organized. 
. The photochemical proton generation in the chemically amplified resist proceeds in two steps; i.e., (i) the photochemical decomposition reaction (1) , and (ii) the proton generation reaction which originates from the photochemical product and the polymer matrix(2) or the complicated reaction(3).
